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ABSTRACT

The diagnosis of inflammatory and infectious processes is an important goal in medicine. The use of radiopharmaceuticals for identification of inflammation and infection foci has received considerable attention. The aim of this work was to evaluate the uptake and the imaging potential of stealth pH-sensitive liposomes
INTRODUCTION
Nuclear medicine imaging allows in vivo detection of inflammatory and infectious diseases in various parts of the body by the intravenous injection of radiolabelled substances and by the external detection of radioactivity using the gamma camera.
* The sensitivity of this technique usually allows detection of physiopathological processes in the initial stages before the development of anatomical alterations detectable by conventional radiographic techniques and before the clinical onset of the disease (Signore et al., 2002 Tchexamethylpropyleneamine oxime (HMPAO)-labeled autologous leukocytes. 67 Ga-citrate has been used for identify infection for more than three decades but it presents a low specificity and exposes the patient to a high dose of radiation; imaging is usually performed 18-72 hours after administration of the radiotracer (Love and Palestro, 2004; Chianelli, et al., 1997) . Leukocytes labeled with 99m Tc is considered "gold standard" for imaging for infections and inflammation; however, the in vitro labeling process is labor and involves direct handling of blood potentially contaminated Love and Palestro, 2004; Rennen et al., 2005) .
Considering the disadvantages these radiopharmaceuticals efforts has been devoted to the search of new agents for scintigraphic imaging which allows for the quick and efficient identification of inflammatory and infectious foci, with a high level of sensibility and specificity (Van Eerd et al., 2005; Love and Palestro, 2004; Laverman et al., 1999) . Stealth liposomes radiolabelled composed generally of egg phosphathidylcholine, cholesterol, and hidrophylic polymers anchored phospholipids (mPEG 2000 -DSPE) have been studied as imaging agents for the investigation of inflammatory and infectious processes. However, in the clinical studies using these liposomes formulation was observed that in some patients presented hypersensitivity reactions attributed the complement system activation; thus, becomes necessary to investigate a new lipid composition aimed to avoid this inconvenient (Szebeni, 2005; Moghimi and Szebeni, 2003; Brouwers et al., 2000; Dams et al., 2000; Boerman et al., 2000; Devine and Bradley, 1998) . The pH-sensitive liposomes are designed to promote efficient release of entrapped agents in response to low pH of pathological tissues, such as inflamed and infected areas; thus they are also potential candidates for the preparation of radiopharmaceuticals (Simões et al., 2004 2000 -DSPE) . DOPE has a strong propensity to form a nonbilayer structure due to its cone-shape geometry, and a weakly acidic amphiphile, such as CHEMS, confers stability to the bilayer phase at neutral pH. These lipids provide electrostatic repulsions, which decrease DOPE intermolecular interactions, thus preventing the appearance of fusogenic properties. However, under acidic conditions, such as in the inflammation and infection regions, the CHEMS molecules becomes partially protonated, thus losing its negative charge and, therefore, its ability to stabilize the bilayers of the vesicles with a subsequent release of trapped radioactive markers. In this study, Tc-SpHL was investigated as a useful radiopharmaceutical to image experimental infection foci. Tc was obtained from a molybdenum generator (IPEN/Brazil). All other chemicals and reagents used were commercially available in analytical grades. Male Swiss mice were allowed free access to a standard laboratory pellet diet with water ad libitum.
MATERIALS AND METHODS
Methoxypoly
Preparation of liposomes
Liposomes encapsulating glutathione were prepared using a procedure based on polycarbonate membrane extrusion, as described previously (Laverman et al., 1999) . Briefly, chloroform aliquots of DOPE, CHEMS and mPEG 2000 -DSPE (total lipid concentration 40 mM; molar ratio 6.5:3.0:0.5) were transferred to a round bottom flask and a lipid film was formed by rotary evaporation under reduced pressure (Buchi R215, Switzerland). The lipid film obtained was hydrated in 50 mM glutathione in HEPES buffer (10 mM Hepes, 135 mM NaCl, 5 mM EDTA at pH 7.4). The suspension of liposomes obtained was submitted to a filtration through 0.4µ, 0.2µ, and 0.1µ polycarbonate membranes (10 cycles for each) using a medium pressure extruder (Lipex Biomembranes Inc., Canada). Unencapsulated glutathione was separated from the liposomes by ultracentrifugation (Ultracentrifuge SORVALL Ultra 80, USA) at 150.000g at 4 °C for 90 minutes. The mean diameter of the liposomes containing GSH was determined by unimodal analysis by the quasi-elastic light scattering, at 25 °C, and at an angle of 90°. The size measurement was performed in triplicate using the 3000HS Zetasizer equipment (Malvern Instruments, UK). The samples were diluted using a HEPES buffer.
Labeling procedures
The commercially available kit of HMPAO (Ceretec ® , Amersham Inc., UK) was labeled with 99m
Tc without methylene blue stabilizer according to the manufacturer's instructions. Labeling efficiency was determined through the solvent extraction method using a 0.9% w/v NaCl solution as the aqueous phase and chloroform as the organic phase (Barthel et al., 1999) . Radiolabeling of the stealth pH-sensitive liposomes containing glutathione was performed as described previously by Phillips et al. (1992) Tc-HMPAO becomes irreversibly trapped in the internal aqueous phase of the liposomes (Ballinger et al., 1988; Philips et al., 1992) . Unencapsulated 99m Tc-HMPAO was removed by gel filtration on a Sephadex G-25 column using HEPES buffer pH 7.4 as an eluent. Labeling efficiencies were checked by determining the activity before and after column separation of the 99m Tc-SpHL using a dose calibrator (Capintec CRC.15R, USA).The Tc-SpHL, after purification, was administered immediately into infection bearing mice.
Mouse model of infection
Swiss male mice (approximately 23-25g in weight) were used for in vivo studies. Focal infection in the right thigh muscle was induced by intramuscular injection with 2 x 10 7 colony forming units (CFU) of Staphylococcus aureus in 0.05 mL suspension of sterile saline. In the left thigh muscle, used as a control, sterile saline was injected. Twenty four hours after the induction of infection, when swelling of the muscle was apparent, mice were injected with 99m Tc-SpHL in the tail vein. All protocols were approved by the Ethics Committee for Animal Experiments at the Federal University of Minas Gerais and are in compliance with the guide for the care and use of laboratory animals recommended by the Institute of Laboratory Animal Resources.
Biodistribution studies
After 24 hours of the induction of the infectious foci, 1.5 MBq of 99m Tc-SpHL were injected in the tail vein of the mouse (n=3). At 0.5, 2, 4, 8, and 18 hours after radiopharmaceuticals administration, the animals were anesthetized with a mixture of xylazine (7.5 mg/kg) and ketamine (60 mg/kg) and then sacrificed by cervical dislocation. Blood sample, liver, spleen, lungs, kidneys, heart, left thigh muscle, and infected right thigh muscle were collected. The dissected tissues were weighed and their radioactivity measured using an automatic scintillation apparatus covering an energy window of 70-210 KeV (ANSR-Abott, USA). A standard dosage containing the same injected amount was counted simultaneously in a separate tube, to correct physical decay and to calculate radiopharmaceuticals uptake in each organ. The measured radioactivity in tissues was expressed as percentage of injected radioactivity dose per gram of tissue (%ID/g).
Imaging studies 99m
Tc-SpHL (25 MBq) was injected in the tail vein of the Swiss male mice which presented infection sites in the right thigh muscle (n=5). At 0.5, 1, 2, 4, 6, and 18 hours the mice were anesthetized with a mixture of xylazine (7.5 mg/kg) and ketamine (60 mg/kg) and placed in the prone on a gamma camera equipped with a low-energy collimator high resolution (Nucleine TM TH, Mediso, Hungary). Five-minute static planar images were acquired for all times, except for the time of 18 hours (ten-minute), using a 256 x 256 pixels matrix. The scintigraphic results were analyzed using regions of interest (ROI) drawn around the infected muscle (abscess), contralateral muscle (background), and the entire body to determine total body counts. The abscess-to-background ratio and activity in the abscess at various times were determined by following equations:
Abscess-to-background ratio = Counts abscess__ Counts background % Activity in abscess = Counts abscess__ x 100 Counts total body
Statistical analysis
All values are presented as mean ± standard error of the mean. The data were statistically analyzed by one-way analysis of variance (ANOVA) and corrected for multiple datasets with the Tukey multiple-comparisons test (GraphPad Software, Inc.). The level of significance was set at p < 0.05. Tc-SpHL was uptake mainly by the liver and spleen, attaining a maximum peaks at 0.5 hours and 2 hours after administration, respectively. In the liver, the percentage of 99m Tc-SpHL uptake was maintained constant up to 4 hours (p>0.05) after injection with a decline of radioactivity level observed at 8 hours (p<0.01). To the spleen the radioactivity level was constant to 2, 4, and 8 hours (p>0.05) has been reduced after this time. In the lung, the maximum %ID/g was attained at 0.5 hours remaining constant until 4 hours after the administration of 99m Tc-SpHL. Analysis of the blood samples indicated that radioactivity level was maintained constant up to 4 hours (p>0.05). In the times subsequent (8 and 18 hours) the 99m Tc-SpHL concentration in the blood was reduced around half to each time (Fig. 1) . The radioactivity level in the kidney presented a fluctuation during the experiment with the maximum retention of 99m Tc-SpHL occurred at 0.5 hours and 4 hours followed by a decrease after this time. The abscess radioactivity level did not differ significantly between the times investigated following 99m Tc-SpHL administration. In the left thigh muscle (background) was observed a lower uptake of 99m Tc-SpHL to all investigated times, except at 0.5 hours, when compared with the right thigh muscle (p<0.05), indicating that 99m Tc-SpHL administration leads to a higher accumulation in the abscess. Fig. 1 shows the scintigraphic images at various time points after administration of the TcSpHL in the abscess was observed on the scintigraphic images. Besides accumulation in the abscess, high radioactivity level was observed in the organs of the mononuclear phagocyte system (MPS), such as liver and spleen. Nevertheless, the activity in the MPS organs decreased with time while the activity of the abscess became more prominent. The result of biodistribution observed in the scintigraphic images is in agreement with biodistribution data obtained from excised tissue showing radioactivity high level in the MPS organs. Also, note the high radioactivity concentration in the bladder. Quantitative analysis of the image performed for each time interval is show in the Fig. 2 . The abscess-to-background ratio was 1.58 ± 0.08 at 0.5 hours, increasing significantly to 2.62 ± 0.20 at 18 hours after injection of 99m Tc-SpHL (p<0.01). The percent activity in abscess was 1.76% ± 0.06% at 0.5 hours increasing significantly to 3.44% ± 0.24 at 18 hours (p<0.01). These results indicate a preferential accumulation of 99m Tc-SpHL in the abscess when compared at uninfected contralateral muscle. Besides, it was observed a better contrast during experiment between the infectious site and the background.
RESULTS
Liposome characterization and labeling procedures
Imaging studies
DISCUSSION
It has been demonstrated that radiolabelled liposomes are potentials imaging agents for the diagnosis of inflammatory and infectious sites since they are able to accumulate in this areas . The mechanism of accumulation in the infectious sites of radiolabelled liposomes is by leakage of the vesicles through vessels due increased vascular permeability and subsequent phagocythosis by macrophages of the infected tissue (Goins et al., 1993; Erdogan et al., 2000; Laverman et al., 2001) . Moreover, in the inflamed tissue the blood vessel presents endothelial junctions allowing the escape of the particles smaller that 200 nm from the blood circulation (Crommelin et al., 1999) . (Awasthi et al., 2003; Crommelin et al., 1999; Erdogan et al., 2000; Boerman et al., 1997; Litzinger et al., 1994) . In contrast, large liposomes are not retained in infectious sites since that they are rapidly cleared from circulation by the organs of the mononuclear phagocyte system (Oyen et al., 1996) . Therefore, the small size of the liposomes used in the study was adequate for scintigraphic detection of infection sites. The stealth pH-sensitive liposomes containing glutathione encapsulated were labeled with 99m Tc-HMPAO complex. This method provides radiolabelled liposomes whit high efficiency and stable in vivo (Phillips et al., 1992) . Nevertheless, the lipophilicity of the 99m Tc-HMPAO complex is crucial in the labeling efficiency of the liposomes; this characteristic is that allows its crossing through the liposomal membrane. The lipophilicity level of 99m Tc-HMPAO obtained in the work is in agreement with the recommendations of the manufacturer so that promoted a good labeling efficiency (77%) of stealth pH-sensitive liposomes. In addition, we use the isotope 99m Tc which present ideal dosimetry and characteristics adequate to scintigraphic imaging of infectious foci (Erdogan et al., 2000) . In this work, a novel liposomal formulation containing DOPE, CHEMS, and mPEG 2000 -DSPE in its composition, know as stealth pH-sensitive liposomes, was prepared and evaluated their biodistribution and ability to identify infectious sites. These kinds of liposomes are in and of themselves a targeting strategy for the identification of infection sites as a consequence of their ability to release preferentially the radiotracer in this region due to lower exhibited pH as compared to normal tissue. Moreover, preliminary in vitro assays performed in our laboratory showed evidences that liposomal formulation investigated in this study is poor activator of complement both classical and alternative pathway (data not shown). The imaging agent for infections diagnosis must to accumulate specifically and rapidly in the foci and clear quickly from the normal tissues to allow visualization of the lesion shortly after injection Rennen et al., 2001) . For imaging of a lesion inflammatory or infectious, the target-to-background ratio must be at least 1.5 to allow the acquisition of scintigraphic imaging with better quality (Phillips, 1999) . We demonstrated through biodistribution and imaging studies the tropism of 99m Tc-SpHL for infectious foci. The uptake in the infected area was significantly higher than the control thigh muscle. These results were also confirmed by scintigraphic images that showed rapid accumulation of 99m TcSpHL in the abscess allowing its visualization within the first 0.5 hours. In addition, the fast clearance of 99m Tc-SpHL from non-target tissues contributed to superior delineation of the infectious focus in the times subsequent. This fact can be observed by increase of abscess-tobackground ratio that varied from 1.58 ± 0.08 at 0.5 hours to 2.62 ± 0.20 at 18 hours (p<0.01) and also to the values observed of percent activity-tototal body that varied from 1.76 ± 0.06 at 0.5 hours to 3.44 ± 0.24 at 18 hours (p<0.01). These values found are similar those described by others authors, using non-pH-sensitive liposomes to investigate inflammatory and infectious processes in experimental model (Erdogan et al., 2000; Andreopoulos et al., 1997; Oyen et al., 1996; Goins et al., 1993) . Thus, the data obtained showed that 99m Tc-SpHL accumulates specifically and rapidly in the abscess. In addition, it presents rapid clear in the non-target tissues resulting in a good images quality. In this way, we can speculate that 99m Tc-SpHL present ideal characteristics to identify inflamed and infected areas. Besides accumulation in the abscess, high uptake was also observed in the spleen and liver decreasing with the time. These results were expected since the organs of the MPS are the normal clearance pathway of liposomes and are in agreement with finding by other authors using liposomes non-pH-sensitive (Gabizon et al., 2003; Laverman et al., 2001; Erdogan et al., 2000; Andreopoulos and Kasi, 1997) . The increase of absolute uptake of 99m Tc-SpHL by the kidney, observed at 0.5 and 4 hours, may be the result of degradation of liposomes in the liver and the spleen, thus releasing 99m Tc-HMPAO from cells into the blood followed via renal excretion, as cited in the literature (Phillips et al., 1992) . This hypothesis is supported by imaging studies that show a high activity in the bladder. Moreover, we observed that urinary retention occurred during the period that the animals remained anesthetized. This observation could be confirmed by size extremely large of the bladder images.
CONCLUSION
This study shows that the 99m Tc-SpHL would potentially be available not only as carrier of agents imaging for identify inflammation and infection sites but also for various applications such as drug delivery systems for treatment of the disease. Tc-LpHS é um promissor radiofármaco para identificação de focos inflamatórios e infecciosos em pacientes.
RESUMO
